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Applied Research Brief
Walkable Urban Design Attributes and
Japanese Older Adults’ Body Mass Index:
Mediation Effects of Physical Activity
and Sedentary Behavior
Mohammad Javad Koohsari, PhD1,2,3, Andrew T. Kaczynski, PhD4,5,
Tomoki Nakaya, PhD6, Ai Shibata, PhD7, Kaori Ishii, PhD1, Akitomo Yasunaga, PhD8,
Ellen W. Stowe, MPH4, Tomoya Hanibuchi, PhD9, and Koichiro Oka, PhD1
Abstract
Purpose: The purposes of this study were to examine associations between objectively measured walkable urban design
attributes with Japanese older adults’ body mass index (BMI) and to test whether objectively assessed physical activity and
sedentary behavior mediated such associations.
Design: Cross-sectional.
Setting: Matsudo City, Chiba Prefecture, Japan.
Participants: Participants were 297 older residents (aged 65-84 years) randomly selected from the registry of residential
addresses.
Measures: Walkable urban design attributes, including population density, availability of physical activity facilities, intersection
density, and access to public transportation stations, were calculated using geographic information systems. Physical activity,
sedentary behavior, and BMI were measured objectively.
Analysis: The relationships of walkable urban design attributes, Walk Score®, and BMI were examined by multiple linear
regression with adjustment for covariates in all models. Mediation effects of the physical activity and sedentary behavior variables
in these relationships were tested using a product-of-coefficients test.
Results: Higher population density and Walk Score® were associated with lower BMI. Light and moderate-to-vigorous physical
activities partially mediated the relationships between these walkable urban design attributes and BMI.
Conclusions: Developing active-friendly environmental policies to (re)design neighborhoods may not only promote active
transport behaviors but also help in improving residents’ health status in non-Western contexts.
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Purpose
Research examining relationships between walkable urban
design attributes and weight among older adults is limited in
two ways. First, almost all previous studies have been con-
ducted in Western countries,1,2 even though environmental
characteristics in Asia are often very different.3 Therefore, the
extant evidence may not be applicable to Asian contexts. Sec-
ond, while there are several studies investigating the mediation
effects of active behaviors in the relationship between built
environment attributes and weight status among adults,4-6 only
one study examined such mediation effects among older
adults.7 Nevertheless, no studies have investigated the mediat-
ing effects of both objectively assessed physical activity (PA)
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and sedentary behavior (SB) in these relationships. The pur-
poses of this study were to examine associations between
objectively measured walkable urban design attributes and
Japanese older adults’ body mass index (BMI) and to test
whether objectively assessed PA and SB mediated such
associations.
Methods
Design
This study used cross-sectional data collected in 2013 from
older adults living in Matsudo City, Chiba Prefecture, Japan.
Sample
An invitation letter was sent to 3000 older adult residents who
were randomly selected from the registry of residential
addresses. Of these, 951 (31.7%) agreed to participate in the
main mail-based survey and 349 (37.7%) took part in the on-
site examination, including a self-administered questionnaire
and other health assessments (eg, body composition test). All
participants provided written informed consent. The study
was approved by the Institutional Ethics Committee of
Waseda University (2013-265) and the Institutional Review
Board of Chiba Prefectural University of Health Sciences
(2012-042).
Measures
BMI was calculated as weight divided by height squared.
Weight was measured using a scale (BIA, MC-980A;
TANITA, Tokyo, Japan). Height was measured with the parti-
cipants standing without shoes and feet together. Active style
Pro accelerometers were used to assess PA and SB (Active
style Pro HJA 350-IT; Omron Healthcare Co Ltd, Kyoto,
Japan).8 The daily average time spent on SB (1.5 METs),
light-intensity PA (LPA; >1.5 to <3.0 METs), and moderate-
to-vigorous PA (MVPA; 3.0 METs) was calculated.9
Four walkable urban design attributes were calculated
using geographic information systems within both 800 m
and 1600 m network-based buffers around participants’
geocoded residential addresses as follows: (1) population
density: density of each buffer area excluding water and
no-population zone, (2) availability of PA facilities: number
of sport and fitness clubs within each buffer area, (3) inter-
section density: ratio of 3-way or more intersections per
km2, and (4) access to public transport stations: road
network-based distance to the nearest train station. Each
participant’s residential address was manually entered into
the Walk Score® web site (www.walkscore.com) and the
score recorded.10 Walk Score® assigns a walkability score
to any given address considering access to a variety of
destinations, such as supermarkets, restaurants, fitness
centers, and parks, as well as street layout.
Covariates included sociodemographic information, smok-
ing habits, mobility function (using a single SF8 item11),
accelerometer wear time, and average slope of areas within
two aforementioned buffers.
Analysis
The relationships of walkable urban design attributes, Walk
Score®, and BMI were examined by multiple linear regres-
sion with adjustment for covariates. Generalized linear mod-
els (gamma distribution with identity link function) were
used to examine the association between the environmental
attributes and potential mediators. Sobel test on indirect
effects was used for testing the significance of mediation
effects.
Results
After excluding missing and invalid values, data from 297
participants were included (Table 1).
Associations of Environmental Attributes With BMI
There were significant negative associations between popula-
tion density within 800 m and within 1600 m and BMI (B ¼
0.46, 95% confidence interval [CI] ¼ 0.84 to 0.09; B ¼
0.49, 95% CI ¼ 0.86 to 0.12, respectively). Walk Score®
was also significantly negatively associated with BMI (B ¼
0.52, 95% CI ¼ 0.89 to 0.15). The mediation effects of
PA and SB in these significant associations were further
examined.
Table 1. Characteristics of Study Participants.a
Variable Mean (SD) or n (%)
Age (years) 74.5 (5.3)
Gender
Women 111 (37.4)
Men 186 (62.6)
Employment status
Working with income 78 (26.3)
Retired 218 (73.4)
Education
Tertiary or higher 113 (38.0)
Below tertiary 180 (60.6)
Marital status
Single 51 (17.2)
Couple 239 (80.5)
Living status
Alone 34 (11.4)
With others 259 (87.2)
BMI (kg/m2) 23.5 (3.2)
Accelerometer-based SB (min/d) 522.1 (113.7)
Accelerometer-based LPA (min/d) 328.9 (101.0)
Accelerometer-based MVPA (min/d) 49.4 (33.3)
Abbreviations: SD, standard deviation; BMI, body mass index; SB, total seden-
tary time; LPA, light-intensity physical activity; MVPA, moderate-to-vigorous
physical activity.
aN ¼ 297.
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Associations of Environmental Attributes With Potential
Mediators (Path A)
A one standard deviation increase in population density within
800 m and 1600 m was associated with a 4.27 and 4.30 minutes
per day increase in MVPA, respectively (Table 2). A one stan-
dard deviation increase in population density within 800 m and
1600 m was also marginally associated with 8.74 and 9.26
minutes per day increase in LPA. An increase in one standard
deviation in Walk Score® was associated with a 10.91 and 3.16
minutes per day increase in LPA and MVPA, respectively.
Associations of Potential Mediators With BMI (Path B)
With respect to PA, all significant relationships were in the
negative direction, such that more LPA and MVPA were asso-
ciated with lower BMI. Also, a significant positive association
was found between SB and BMI (Table 2).
Mediated Pathways
LPA mediated the relationship between population density
within 1600 m and BMI by 16.1%. The proportions of the total
effect of population density within 800 m and within 1600 m on
BMI mediated by MVPA were 12.0% and 11.7%, respectively.
Both LPA and MVPA mediated the relationship between Walk
Score® and BMI by 18.0% and 8.5%, respectively (Table 2).
Discussion
Summary
Similar to previous research,1,12 we found higher population
density to be associated with improved weight status. Our study
also showed higher Walk Score® was associated with lower
BMI. This is similar to previous studies of adults that found
associations between Walk Score® and obesity measures.13,14
Consistent with this evidence from Western countries, our
findings support that walkable urban design attributes are
related to older adults’ weight in an Asian context.
Consistent with the only previous study,7 we found the
effects of population density and Walk Score® on BMI to
be partially mediated through MVPA. As well, LPA partially
mediated the observed associations between population den-
sity within 1600 m and Walk Score® with BMI. SB was found
not to be a mediator in the associations between walkable
urban design attributes and BMI, since the built environment
had no effect on SB in our sample. This is consistent with a
recent review that found modest evidence of the role of neigh-
borhood environmental factors on SB.15 The partial mediation
effects of PA indicate that there are other pathways such as
access to un/healthy food16 and social capital17 through which
walkable built environments may influence older adults’
BMI.
Limitations
Given the cross-sectional design, we were unable to draw
causal linkages. We also did not include perceived environ-
mental measures, which may differentially influence older
adults’ weight status.18 Other limitations included the small
sample, recruitment from a single city with unclear variability
in built environments, absence of public parks from the PA
facilities, and error associated with assessing SB with
accelerometers.
Significance
This study adds to the literature by investigating associations of
walkable urban design attributes with older adults’ weight sta-
tus in Japan, particularly as it is the first study to do so in Asian
contexts. Our study also advances current knowledge by exam-
ining how objectively assessed PA and SB mediated these
associations.
Table 2. Mediation Variable Models of Associations Between Walkable Urban Design Attributes With BMI.
Potential
Mediators
c’-Path Coefficient
(95% CI)
a-Path Coefficient
(95% CI)
b-Path Coefficient
(95% CI)
Indirect Effect (ab) Coefficient
(95% CI)
Proportion
Mediation (%)
Population density (800 m buffer)
SB 0.40 (0.76 to 0.03) 5.70 (16.94 to 5.53) 0.01 (0.00 to 0.01) 0.05 (0.15 to 0.05) –
LPA 0.40 (0.77 to 0.03) 8.74 (0.88 to 18.37)a 0.01 (0.01 to 0.00) 0.08 (0.17 to 0.02) –
MVPA 0.46 (0.83 to 0.09) 4.27 (1.59 to 6.95) 0.01 (0.03 to 0.00) 0.06 (0.13 to 0.00)a 12.04
Population density (1600 m buffer)
SB 0.42 (0.78 to 0.06) 8.14 (19.40 to 3.12) 0.01 (0.00 to 0.01) 0.07 (0.17 to 0.03) –
LPA 0.42 (0.78 to 0.06) 9.26 (0.06 to 18.58)a 0.01 (0.01 to 0.00) 0.08 (0.17 to 0.01)a 16.12
MVPA 0.48 (0.84 to 0.11) 4.30 (1.79 to 6.82) 0.01 (0.03 to 0.00) 0.06 (0.13 to 0.00)a 11.71
Walk Score®
SB 0.43 (0.79 to 0.06) 9.05 (20.46 to 2.37) 0.01 (0.00 to 0.01) 0.08 (0.18 to 0.03) –
LPA 0.44 (0.80 to 0.07) 10.91 (1.37 to 20.45) 0.01 (0.01 to 0.00) 0.09 (0.19 to 0.00)a 18.00
MVPA 0.50 (0.87 to 0.13) 3.16 (1.21 to 5.11) 0.01 (0.03 to 0.00) 0.05 (0.10 to 0.00)a 8.51
Abbreviations: BMI, body mass index; CI, confidence interval; SB, sedentary behavior; LPA, light-intensity physical activity; MVPA, moderate-to-vigorous physical
activity
aMarginally significant P < .08.
766 American Journal of Health Promotion 33(5)
Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.
Funding
The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: Koohsari
was supported by a JSPS Postdoctoral Fellowship for Research in
Japan (#17716) from the Japan Society for the Promotion of Science.
Nakaya was supported by the JSPS KAKENHI (#JP15H02964).
Hanibuchi was supported by the JSPS KAKENHI (#JP25704018).
Oka is supported by the MEXT-Supported Program for the Strategic
Research Foundation at Private Universities, 2015-2019 the Japan
Ministry of Education, Culture, Sports, Science and Technology
(S1511017). None of the authors has any financial interest in
walkscore.com.
References
1. Sarkar C, Webster C, Gallacher J. Association between adiposity
outcomes and residential density: a full-data, cross-sectional anal-
ysis of 419 562 UK Biobank adult participants. Lancet Planet
Health. 2017;1(7):e277-e288.
2. Hess DB, Russell JK. Influence of built environment and trans-
portation access on body mass index of older adults: survey
results from Erie county, New York. Transp Policy. 2012;20:
128-137.
3. Shelton B. Learning from the Japanese City: Looking East in
Urban Design. Abingdon, England: Routledge; 2012.
4. Oliver M, Witten K, Blakely T, et al. Neighbourhood built envi-
ronment associations with body size in adults: mediating effects
of activity and sedentariness in a cross-sectional study of New
Zealand adults. BMC Public Health. 2015;15(1):956.
5. SiceloffER,CoulonSM,WilsonDK. Physical activity as amediator
linkingneighborhood environmental supports andobesity inAfrican
Americans in the path trial. Health Psychol. 2014;33(5):481.
6. Van Dyck D, Cerin E, Cardon G, et al. Physical activity as a
mediator of the associations between neighborhood walkability
and adiposity in Belgian adults. Health Place. 2010;16(5):
952-960.
7. Van Cauwenberg J, Van Holle V, De Bourdeaudhuij I, Van Dyck
D, Deforche B. Neighborhood walkability and health outcomes
among older adults: the mediating role of physical activity.
Health Place. 2016;37:16-25.
8. Ohkawara K, Oshima Y, Hikihara Y, Ishikawa-Takata K, Tabata
I, Tanaka S. Real-time estimation of daily physical activity inten-
sity by a triaxial accelerometer and a gravity-removal classifica-
tion algorithm. Br J Nutr. 2011;105(11):1681-1691.
9. Marques EA, Baptista F, Santos DA, Silva AM, Mota J, Sardinha
LB. Risk for losing physical independence in older adults: the role
of sedentary time, light, and moderate to vigorous physical activ-
ity. Maturitas. 2014;79(1):91-95.
10. Koohsari MJ, Sugiyama T, Hanibuchi T, et al. Validity of Walk
Score® as a measure of neighborhood walkability in Japan. Prev
Med Rep. 2018;9:114-117.
11. Ware JE, Kosinski M, Bjorner JB, Turner-Bowker DM, Gandek
B, Maruish ME. User’s Manual for the SF-36v2 Health Survey.
Lincoln, RI: Quality Metric; 2008.
12. Frank LD, Andresen MA, Schmid TL. Obesity relationships with
community design, physical activity, and time spent in cars. Am J
Prev Med. 2004;27(2):87-96.
13. Hirsch JA, Diez Roux AV, Moore KA, Evenson KR, Rodriguez
DA. Change in walking and body mass index following residen-
tial relocation: the multi-ethnic study of atherosclerosis. Am J
Public Health. 2014;104(3):e49-e56.
14. Chiu M, Shah BR, Maclagan LC, Rezai M-R, Austin PC, Tu JV.
Walk Score® and the prevalence of utilitarian walking and obesity
among Ontario adults: a cross-sectional study. Health Rep. 2015;
26(7):3-10.
15. Koohsari MJ, Sugiyama T, Sahlqvist S, Mavoa S, Hadgraft N,
Owen N. Neighborhood environmental attributes and adults’
sedentary behaviors: review and research agenda. Prev Med.
2015;77:141-149.
16. Rundle A, Neckerman KM, Freeman L, et al. Neighborhood food
environment and walkability predict obesity in New York City.
Environ Health Perspect. 2009;117(3):442.
17. Moore S, Daniel M, Paquet C, Dube´ L, Gauvin L. Association of
individual network social capital with abdominal adiposity, over-
weight and obesity. J Public Health. 2009;31(1):175-183.
18. Gebel K, Bauman AE, Sugiyama T, Owen N. Mismatch between
perceived and objectively assessed neighborhood walkability
attributes: prospective relationships with walking and weight
gain. Health Place. 2011;17(2):519-524.
SO WHAT?
What is already known on this topic?
Several studies have shown associations of walkable
urban design attributes with older adults’ weight status.
What does this article add?
This study adds evidence about the role of walkable built
environments on older adults’ weight status in Asian
contexts and on the mediation effects of objectively
assessed PA and SB in this relationship. The findings of
this study suggest that LPA and MVPA were significant
mediators of the association.
What are the implications for health promotion
practice or research?
The significant associations of built environment vari-
ables with BMI in older adults in Japan supports the
cross-cultural generalizability of prior results from
Western countries identifying built environments as an
important public health concern. Developing active-
friendly environmental policies to (re)design neighbor-
hoods may not only promote active travel behaviors but
may also help in improving older adults’ health status in
non-Western contexts.
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